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A B S T R A C T 
 
The outbreak of an animal disease such as swine fever can have far-reaching economic 
consequences which affect not only livestock owners but also upstream and downstream 
industries and other stakeholders (such as veterinary agencies). Swine fever is the animal 
disease with the most significant economic impact in the area of pig production 
worldwide. Until now it was almost impossible to calculate the macroeconomic impact 
of a swine fever outbreak in European countries such as Germany. This paper uses the 
relational database management system TEUS to economically asses an animal disease 
outbreak by addressing the assumptions underlying the calculation. Five cost categories 
are proposed using parameters which influence the costs of an outbreak. Furthermore, 
important basics of TEUS like the entity-relationship (ER)-model or the respective 
algorithms of the programmed system are depicted. The programmed relational database 
system TEUS can generate and calculate different scenarios, by varying parameters and 
thereby generating a decision space. Furthermore, TEUS can also be used to analyse 
economic aspects of other animal diseases or the outbreak of a disease in other countries. 
  
1. Introduction 
The outbreak of an animal disease such as swine fever can have far-reaching economic consequences 
which affect not only livestock owners but also upstream and downstream industries and other 
stakeholders (such as veterinary agencies). Swine fever is the animal disease exercising the most 
significant economic impact on worldwide pig production (Hirsch 2010; Moennig 2000). The direct 
costs caused by the latest outbreak of the classical swine fever (CSF) in Germany in 2006, for instance, 
were estimated at approximately € 40-80 million (Jaeger 2006). According to Meuwissen et al. (1999), 
the total costs of the latest Dutch CSF outbreak (1997/1998) were around 2.3 billion Euros and 11 
million pigs were culled. Currently, there is increasing danger of a new disease outbreak in various 
European countries as the African swine fever (ASF) has already reached the EU member states Poland 
and Lithuania (Blome and Beer 2013). As a consequence, the export of pork is already severely restricted 
since Russia almost completely has stopped its entire importation of pork from the EU (LWW-L 2014). 
Besides the losses on the export markets, the outbreak of an animal disease also leads to economic and 
non-financial (for instance, image-related) damage on domestic markets. Thus, animal disease control 
presents a great challenge, for solutions not only must integrate epidemiological or social aspects but 
also economic principles. 
In 2013 an initial study sought to assess the macroeconomic impact of a CSF outbreak under 
application of alternative animal disease control strategies (Näther et al. 2013). For this purpose 24 
scenarios were devised with Excel, which differed in regards to the assumptions made on regional 
livestock density, number of disease outbreaks, geographic location and distance of time of subsequent 
outbreaks. Näther et al. (2013) investigated the impact of the control strategies “culling” and “observing” 
on the economic consequences of a CSF outbreak. Due to the need for the introduction of additional 
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parameters, e.g. the control strategy “vaccination”, and cost validation, the authors decided to create a 
user-friendly IT-based instrument to calculate the economic consequences of a CSF outbreak. The goal 
of this paper is to present a newly developed animal disease decision support system called TEUS (in 
German: Tierseuchen-Entscheidungs-Unterstützungs-System). This decision support system allows the 
economic evaluation of possible consequences of a swine fever outbreak and the subsequent application 
of alternative disease control strategies. This helps to show to what extent and in which parts of the value 
chain economic losses are caused by the outbreak of swine fever. The programmed relational database 
system TEUS can generate and analyse a large set of different scenarios in order to determine the 
economic impact of a new swine fever outbreak under various assumptions and the use of alternative 
strategies to combat animal diseases. 
The remainder of the paper is organized as follows: The second section describes the basis of the 
subsequent calculations, i.e. the basic assumptions, the relevant cost categories and the parameters which 
have influence on the costs. Section 3 illustrates the basics of the animal disease decision support system 
by describing the entity-relationship (ER) model, the algorithms used in the system and the masks 
presentation. The final section 4 presents concluding remarks on this study. 
2. Basis of Calculation 
2.1. Basic Assumptions 
TEUS and, thus, the cost calculations are based on two basic assumptions. First, TEUS assumes 
circular protection and surveillance zones established in accordance with Council Directive 2001/89/EC 
after the outbreak of a disease. Second, it is assumed that an outbreak of a disease can be assigned to 
one of two following possible scenario types: either it is a classical, singular outbreak (Scenario-Type 
1), or there are two outbreaks characterized by temporal and geographical distance between the first and 
the second outbreak (Scenario-Type 2). In the second case it is possible to differentiate between (a) 
overlapping protection and/or surveillance zones and (b) completely distinct protection and surveillance 
zones (Figure 1). The latter means that there are additional economic consequences, for instance, due to 
the need to establish a second disease control strategy and infrastructure. 
 
 
Figure 1. The Scenario-Types 1 and 2 
2.2. The Cost Categories 
The study considers five cost categories to calculate the total economic damage of a swine fever 
outbreak. These cost categories embrace 22 cost sub-categories and 61 different types of costs, which 
Auxiliary calculation of the area of Scenario-Type 1 and 2
Scenario-Type 1
singular outbreak
Protection Zone (PZ) 
(r ≤ 3km)
Surveillance Zone 
(SZ) 
(r ≤ 10 km)
Infected Farm
a) 2 outbreaks with overlapping restricted zones b) 2 outbreaks not limited to certain areas
A = 2 r² - 2 r² arccos + di
d3
0 = r 
h3
d
Type 2b: area of two identical circles with distance dType 1: area of singular circle Type 2a: area of two identical circles with distance d
di = distance to the outbreaki; A = area; hi = segment heighti; r = radius of protection and surveillance zones (PZ, SZ);
A = r² A = 2 r² 
Attention: For the overlapping area apply different 
movement bans (preventive measures)
d > 2r
Scenario-Type 2
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were validated through an extensive literature review and expert interviews (Table 1). However, the cost 
sub-categories „1.6 Vaccination costs“ and „2.7 Non-reimbursed vaccination costs“ (italics) play a 
decisive role only for the CSF, because there is currently no vaccine available for the ASF virus (Blome 
2014; SUS 2014).  
Table 1. Cost Categories with validated Types of Costs for a Classical Swine Fever Outbreak (based 
on Näther et al. 2013) 
 
On the basis of these types of costs and with the help of special algorithms implemented into TEUS, 
it is possible to calculate values for the alternative scenarios which take into account the variation of 
various cost-relevant parameters. Furthermore, in this study indirect costs, e.g. negative effects on the 
tourism business, are disregarded, as thus far such effects have only been observed in the case of major 
Foot-and-Mouth Disease and bird flu outbreaks (Bidder 2006; Deblitz 2001). 
Cost Categories Sub-Cost Categories Types of Costs € Unit
Per Boar 535.5 per animal
Per Piglet 75.5 per animal
Per Hog 114.8 per animal
Per Sow 459.0 per animal
Cost of slaughtering per Piglet 5.0 per animal
Cost of slaughtering per Hog 5.0 per animal
Cost of slaughtering per breeder 10.0 per animal
Cleansing & Disinfection Measures Piglet 0.8 per animal
Cleansing & Disinfection Measures  Hog 3.3 per animal
Cleansing & Disinfection Measures Breeder 7.5 per animal
Rendering of carcasses 135.0 ton
Herd test per animal 4.2 per animal
Diagnostics per animal 7.0 per animal
Preventive part-financing per animal 18.0 per animal
Labour for culling 2.0 per animal
Fire brigade/THW (technical assistance organisation) 11600.0 once
Other Labour costs 1.4 per animal
1.5 Cost of material Cost of Material 4.4 per animal
vaccine dose/animal 1.0 per animal
Cost of Material for vaccine 12.0 per test and animal
Labour costs vaccine 0.3 per animal
Other costs 0.5 per animal
Per Boar 59.5 10%
Per Piglet 8.4 10%
Per Hoag 12.8 10%
Per Sow 51.0 10%
Per Boar/ day 0.0 per animal and day
Per Piglet/ day 0.1 per animal and day
Per Hoag/ day 0.2 per animal and day
Per Sow/ day 1.5 per animal and day
Per Sow or Breeder 40.0 per space
Per Fattening Space 1.7 per space
Per Piglet Space 4.3 per space
Per Sow or Breeder 88.8 per space
Per Piglet Space 23.85 per space
Per Fattening Space 44.67 per space
Per Sow or Breeder 9.1 per space
Per Fattening Space 1.0 per space
Per Piglet Space 0.4 per space
Per Sow or Breeder 310.0 per animal
Per Piglet Space 33.2 per animal
Per Fattening Space 42052.0 per animal
Laour costs of vaccination per hog 0.0 per animal
vaccine dose/animal 0.0 per animal
Less income because of vaccine per animal to be 
slaughtered (1.27€/kg SG) 124.5 90%
3.1 Costs of sub-optimal weights Hog 1.3 per animal and day
3.2 Loss of production because of marketing Hog   (0.21*0.87) 0.2 per animal and day
3.3 Increased loss of swine Hog   (138.18*0.0158)/28 0.1 per animal and day
3.4 Extraordinary veterinary expenses Hog   (0.19/28) 0.1 per animal and day
Per Piglet/day 0.2 per day
Per Hog/day 0.6 per day
Per Sow or breeder/day 1.0 per day
4.2 Price drop for swine Less income (35 Cent/kg SG) per day 5489269.1 per day
Short term reduction of consumption 3% per day 590314.5 per day
Longterm reduction of consumption % per day 0.0 per day
5.1 Reduction of intra-community shipments Less Shipments to EU x% per day 1877537.0 per day
5.2 Breaking off of export markets Loss of Exports third countries (all) per day 1308766.3 per day
CC 5: Effects on foreign 
trade
1.6 Vaccination costs(just for CSF)
CC 1: Costs of 
governmental control
CC 2: Costs of farms 
directly affected 
(infected/culled)
2.1 Value of culled animals (not compensated)
2.2 Loss of production because of vacancy
2.3 Additional cleansing & disinfection measures
2.4 Disposal of stocked fodder
2.5 Additional deterioration because of stagnation
2.6 Reduced performance in case of restocking
2.7 Not reimbursed vaccination costs
4.1 Sales decline in the feed industry
4.3 Reduced consumption of domestic pork
CC 4: Other costs in 
agribusiness
1.1 Compensation through Animal Disease Fund
1.2 Government aid for part-financing
1.3 Other assistance
1.4 Labour costs
CC 3: Costs of farms 
indirectly affected (not 
culled, but in the 
restriction zone)
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2.3. The Cost Determinants 
On the left side of Figure 2 are the parameters, which influence the economic effects of an epidemic 
event and can be varied in TEUS. The “percentage distribution” refers to the relevant category of animal. 
According to the Federal Statistical Office Census, Germany’s pig stock consisted of 69% hogs, 24% 
piglets, 7% sows and 0.1% boars in 2010 (Statistisches Bundesamt 2011). These numbers are assumed 
in this study. The livestock density, i.e. the number of pigs, varies in Germany between 0 and 1,300 
animals/ km² in the district of Cloppenburg, which is the district with the highest density (Dieckhoff 
2014). Further cost-relevant parameters are the distance and the time period between two subsequent 
outbreaks. When considering distance, it is especially important to consider the size of the protection 
and surveillance zones and the resulting overlapping area or the physical distance (cf. scenario-types 2a 
and 2b). In the case of two outbreaks with overlapping surveillance zones (d ≤ 2r; scenario-type 2a) the 
time periods of movement bans for pigs differ between overlapping and non-overlapping areas. In the 
latter, the usual restrictions need to be considered, but in the overlapping areas the movement bans of 
all of the outbreaks apply. Therefore, the time period between the outbreaks is a further important 
parameter which affects especially the cost categories 3 to 5. 
The parameters of the protection and surveillance zones and the control strategies are also relevant 
parameters. As soon as a swine fever incidence is confirmed, a protection zone (r ≥ 3 km) and a 
surveillance zone (r ≥ 10 km) are established around the infected farm in order to isolate the pathogen 
according to the relevant Art. 9 of Directive 2001/89/EC. Different movement bans apply to the 
livestock owners in the protection and surveillance zones. In the case of a CSF outbreak, the movement 
bans in the protection zone apply for ≥ 28 days, in the surveillance areas for ≥ 21 days, whereas in the 
case of the ASF in the protection zone for ≥ 40 days and in the surveillance areas for ≥ 30 days. 
Furthermore, based on experience from European neighbouring countries, experts assume that in the 
case of an ASF outbreak, enlarged protection and surveillance zones (e.g. protection zone: r ≥ 4 km; 
surveillance zone: r ≥ 15 km) will be established (Groeneveld 2014). Within the protection zone, at the 
very minimum, the infected animal population is culled. However, in practice, an initial pre-emptive 
culling zone is established within a radius of 0.5 - 1 km around the infected holding. This is usually done 
because it is possible that the pathogen is already spread due to weather conditions or movements of 
animals, humans, machines etc. (Hop et al. in print). As a result, a survey of all pig stocks is done, 
conducting inspections and investigations of these stocks in the protection and surveillance zones and 
introducing stricter hygiene regulations (Council Directive 2001/89/EC). Control strategies may include 
culling, monitoring and vaccination of pig stocks. In the past culling and monitoring were dominant 
strategies applied in case of a disease outbreak. However, because of growing animal welfare concerns, 
there has to be an alternative to culling. For example, the emergency vaccination  for CSF using the new 
DIVA-vaccine (Differentiating Infected from Vaccinated Animals) (EMA 2014) and the pathological 
distinction between infected and vaccinated animals through automatable real time PCR (Polymerase 
chain reaction) can be part of the answer (Moennig 2000). In an emergency vaccination, animals within 
a certain area around the infected farm are vaccinated. This vaccination zone can extend from the 
infected holding to cover the entire monitored area (Thulke 2014). Many international studies (Backer 
et al. 2009; Boklund et al. 2009; Brosig et al. 2012; Dürr et al. 2013; Ribbens et al. 2012) have evaluated 
the effectiveness of emergency vaccination. Research has shown that a 2 – 3 km large vaccination zone 
has the same epidemiological effectiveness as a 1 km large pre-emptively culling zone. 
TEUS is able to take into account variations of the following parameters: regional livestock density, 
number and geographical distance of subsequent outbreaks, size of the protection and surveillance 
zones, control strategies implemented (culling, observing or vaccinating), time between outbreaks and 
the length of time periods characterized by decreasing pig meat consumption, pig prices, reduced 
exports, etc. The parameters are incorporated into the TEUS model with the help of algorithms which 
allow modelling the consequences of an outbreak and the implementation of alternative animal disease 
control strategies. 
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3. The Animal Disease Decision Support System  
The database management system TEUS was developed to show the macroeconomic impact of ASF 
and CSF and to extend the pilot study (Näther et al. 2013) with additional assumptions and parameters. 
The analysis of the pilot study shows that the increased number of scenarios, inclusion of ASF, 
consideration of the strategy “vaccination” in case of CSF and adding new algorithms make the usage 
of an excel-based calculation nearly impossible, especially when considering the need to potentially 
perform a sensitivity analysis. Consequently, a new instrument had to be developed which fulfilled these 
requirements. TEUS therefore was constructed using the development environment Gupta Team-
Developer (version 6.2) and the relational database management system SQLBase (version 11.7). The 
programming language 4GL (source code) was used for the graphic interface and the embedded SQL-
queries was SQLWindows. 
3.1. The ER-Model 
The ER-model is the architecture of a relational database system and connects the above-mentioned 
points, in which the entities (cost categories, parameters, algorithms, etc.) and the respective relations 
between the entities are listed. The specifications of the ER-model were defined by a pilot study (Näther 
et al. 2013). Figure 2 illustrates a simplified ER-model of TEUS.  
 
 
Figure 2. The simplified ER-model 
It is important to point out two different groups of entities: the cost categories with the respective 
sub-cost categories and types of cost and the parameters such as animal density, time and distance 
between outbreaks, protection and surveillance zones, radii, and strategies. The arrows depict the 
relationships between the entities of the ER-model with the cardinality 1, N or M. A classic 1 to N 
relationship as between “percentage distribution” and “type of cost” implies that one type of cost can be 
assigned to exactly one “percentage distribution” and one “percentage distribution” can be used in many 
(N) types of cost. In the case of M to N relationships on both sides, various objects exist in the entity. 
With the help of this ER-model, the respective input masks and the necessary functionalities were 
programmed to save the calculated results as a backup, get a printable report, and be able to export 
results into a CSV file as a basis for further calculation and analysis. 
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3.2. The Algorithms 
With the help of TEUS it is possible to analyse and evaluate a large number of scenarios, by varying 
parameters and thereby generating a decision-making arena. It is also possible to introduce new types 
of cost (compared to the pilot study) and the respective algorithms of the programmed system TEUS. In 
the following we present the algorithms to determine the results of a type of cost: 
 value * 1 (one-off costs) 
 value * assigned number of days 
 number of animals = livestock density * net square footage * percentage distribution 
 value * number of animals 
 value * number of animals * period N in days (movement ban) 
 value * period N in days (movement ban) according to the Gaussian algorithms:  
G(N) = 
𝑁∗(𝑁+1)
2
 and 
 value * tons (converted target weight of number of animals). 
3.3 The System Masks Presentation 
The three most important masks are presented: Figure 3 describes the cost categories with its sub-
categories and types of costs and value. This figure represents the cost category 4: Other Costs in 
Agribusiness (cf. section 2.2) and its auxiliary calculation. 
 
 
Figure 3. The representation of the cost category 4 in TEUS 
Figure 4 shows the relations of an epidemic outbreak: 
 push bottoms for the cost categories, percentage distribution and the calculation 
 table of the animal density, distance, and time between the outbreak  
table of the protection and surveillance zones with the radius, the respective strategies, and 
movement bans after an outbreak 
 table of other parameters within a period of days 
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Figure 4. The representation of the relations of an epidemic outbreak 
Figure 5 defines the possible variations of the parameters of an epidemic outbreak. This mask uses 
the three tables of Figure 4 expanded by the options to varying the parameters in their values, therefore 
making it possible to calculate a large number of scenarios. 
 
 
Figure 5. The variations of an epidemic outbreak 
4. Conclusions 
Despite observing due diligence regarding biosafety standards, epidemics of any kind can break out 
among animals at any time and any place. This is facilitated partly by liberal market policies, which also 
put nations in jeopardy of being infected with disease agents from far abroad. There is no way to be 
completely protected from this risk. A good example is the outbreak of highly pathogenic avian 
influenza (HPAI) at the beginning of 2015 in Germany, the Netherlands and Great Britain. It is unclear 
how the virus was able to take hold on farms that were geographically far apart and had differing housing 
systems. To date no relationships or interactions have been found between the affected farms (FLI, 
2015). 
In this paper we presented a complex relational database management system to economically assess 
an animal disease outbreak. Therefore, we addressed the assumptions for the calculation and introduced 
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five cost categories and the parameters which have influence on the costs. Furthermore, we described 
important basics of TEUS, such as the ER-model or the respective algorithms. The programmed 
relational database system TEUS can generate and calculate different scenarios by varying parameters 
and thereby provide a decision space. Because economic effects of animal diseases have been more or 
less ignored until now, this paper can provide a new instrument to fill this research gap. The current 
animal disease control uses mainly tools which only concentrate for instance on geography, trade 
control, or information flows connected with livestock management and geo-references positions 
(Kroschewski et al. 2006). In light of the potential total calculated damages which TEUS currently 
foresees for Germany in case of a CSF or ASF outbreak, all European governments, livestock owners, 
the pork production industries (up- and downstream) and other stakeholders would do well to consider 
various scenarios of a swine fever outbreak to prepare and protect themselves accordingly. 
Future research is especially needed to validate types of costs for specific countries and therefore 
expand with future scenarios of other European countries. For this, TEUS could likewise be used to 
determine and illustrate their economic impact. Therefore, TEUS is a unique instrument which enables 
the quick step-by-step building of a decision space (resulting set of variations by parameters) and the 
economic assessment of the available options in the case of a swine fever outbreak. Finally, via TEUS, 
it is possible to illustrate and economically evaluate further animal diseases in any country besides the 
examined cases of swine fever (ASF / CSF). 
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